I. INTRODUCTION
Recently the BESIII Collaboration has published [1] new results on the proton electromagnetic (EM) form factors (FFs) in the time-like region by measuring the process e + e − → pp with very high precision at 12 different center-of-mass energies from 4.9836 GeV 2 to 13.4762 GeV 2 . In such way the obtained results enriched a set of already existing number of experimental points on proton EM FFs in the space-like and time-like regions substantially.
Moreover, the BESIII Collab. and before also the BaBar Collab. [2] , measuring the polar angular distribution F (cos θ p ) of created protons at few different energies, have been able to determine a separate information on the proton electric and on the proton magnetic FFs in time-like region for the first time.
On the other hand a very successful microscopic model for the proton EM FFs in the near-threshold time-like region has been elaborated [3] to be based on the assumption that the behavior of the EM FFs as a function of the energy is given by the initial or final state interaction between proton and antiproton in the processes e + e − ↔ pp. In this approach the antinucleon-nucleon potential is constructed in the framework of chiral effective field theory [4] and fitted to results of partial-wave analysis of existingpp scattering data. As a result predictions of the proton EM FFs G p E (t) and G p M (t), and also their ratios are in good agreement with existing data up to t = 3.986 GeV 2 , i.e. at the region of a validity of the model under consideration.
Next intentions of the BESIII Collab. are to extend such data measurements for e + e − →
YȲ processes, where Y are hyperons to be members of the 1/2 + octet baryons
In a preparation of such a program it can be useful to dispose with some model predictions for hyperon EM FF behaviors and subsequently also of the corresponding differential and total cross-sections.
But the model presented in [3] is not applicable for such model predictions of hyperon EM FFs as it is based on the existence of baryon-antibaryon scattering data, what is unattainable in the case of hyperons.
In this paper we demonstrate a scheme in the framework of which one can do such predictions. As one can see further, an important role in the prediction of hyperon EM FFs play the advanced Unitary and Analytic (U&A) nucleon EM structure model, respecting the SU(3) symmetry and OZI rule [5] - [7] violation, then a knowledge of the universal vectormeson coupling constants f V to be extracted from the experimental values of vector-meson lepton widths
with α = 1 137
to be the QED fine structure coupling constant and m V the vector-meson mass, and a knowledge of the numerical values of f F , f D , f S coupling constants in SU (3) invariant Lagrangian Every nucleon electric FF is canonically normalized to the nucleon electric charge and every nucleon magnetic FF is normalized to the nucleon magnetic moment.
All these nucleon EM FFs govern the asymptotic behaviors as predicted by the quark model of hadrons to be proven also in the framework of the QCD [9] .
The advanced U&A nucleon EM structure model depends on the coupling constants ratios (f V N N /f V ) to be defined for every of nine above-mentioned unstable true neutral vectormesons in VMD model. However, not all nine of them appear explicitly in the advanced
U&A nucleon EM structure model as free parameters. In the process of a construction of the VMD model to be automatically normalized and governing the correct asymptotic behavior, some of these coupling constants ratios can be expressed through the table mass values of the true neutral vector-mesons under consideration and other coupling constant ratios. And just here some freedom exists in the choice, which of the coupling constants ratios (f V N N /f V ) will be left as free parameters of the model.
The problem is that not for all nine true neutral vector-mesons under consideration an experimental information on the lepton width Γ(V → e + e − ) exists. The latter is known [8] only for ground state vector-mesons ρ(770), ω(782) and φ(1020). For all the first and second excited states the Rev. of Part. Physics [8] declares, that their lepton decays are seen, but they are not precisely measured experimentally up to now.
Just for this reason in the present advanced nucleon EM structure model we keep the cou-
for which some model estimations of f ω ′ and f φ ′ exist [10] , as free parameters to be determined in comparison of the present advanced nucleon EM structure model with all existing data on nucleon EM FFs in space-like and time-like regions simultaneously.
be completely given by the table mass values of vector-mesons under consideration) in [10] will be only a model admixture in subsequent determination of the 1/2 + octet hyperon EM FF behaviors.
II. EXISTING EXPERIMENTAL INFORMATION ON NUCLEON EM FFS
The EM structure of the nucleons (iso-doublet compound of the proton and neutron), as revealed experimentally for the first time in elastic unpolarized electron-proton scattering in the middle of the last century, is completely described by four independent scalar functions, the electric G Ep (t),G En (t) and the magnetic G M p (t), G M n (t) FFs, dependent of one variable magnetic FF is dominant in comparison with the proton electric FF and so, the data on 
with β p = 1 − 
with p c.m. to be the antiproton momentum in the c.m. system, by and assumption [2] by a measurement of the distribution of θ p , the angle between the proton momentum in the pp rest frame , and the momentum of the pp system in the e + e − c.m. frame and by a subsequent fitting of the obtained experimental points by the expression
to be obtained from
with the Coulomb correction factor C, where 
is the overall normalization factor and L is the integrated luminosity.
However, the latter method is in the phase of a development and the ratios R with |G p M (t)| at only several values of the energy t have been determined [1] , [2] up to now.
The existing data on G n E (t),G n M (t) in the space-like region and the data on µ n G n E (t)/G n M (t) are even more model dependent as they have been extracted from the scattering processes of electrons on light nuclei by various theoretical model ingredients.
All these data are graphically presented in Figs. (1-11) .
Despite of all their shortcomings they will be further analyzed by one advanced U&A nucleon EM structure model simultaneously.
III. ADVANCED UNITARY AND ANALYTIC NUCLEON EM STRUCTURE

MODEL
First we shall demonstrate, how it is possible in the advanced nucleon EM structure model to keep the coupling constants ratios (f ρN N /f ρ ), (f ωN N /f ω ), (f φN N /f φ ) and also Nevertheless, before that we would like to note that the nucleon EM FFs [1] , [2] , [24] - [32] on the nucleon EM structure from the earlier mentioned physical quantities (3)- (9) . But for a construction of various nucleon EM structure models the flavour-independent iso-scalar and iso-vector parts F 
are more suitable.
FIG. 8:
Neutron electric FF data in the time-like (t > 0) region from an assumption
Neutron magnetic negative FF data in the space-like (t < 0) region [33] , [40] - [46] FIG. 10: Neutron magnetic FF data in the time-like (t > 0) region [28] FIG. 11: Data on the ratio µ n G n E (t)/G n M (t) in the space-like (t < 0) region from polarization experiments on the light nuclei [47] , [48] Both sets of these FFs are related as follows For the sake of a generality let us consider FF F (t) with a normalization F (0) = F 0 , the asymptotic behavior F (t) t→∞ ∼ 1/t m and to be saturated with n -true neutral vector mesons V n . Then in the framework of the standard V MD model in the zero-width approximation one can write
where a n = (f VnN N /f Vn ), f VnN N is the coupling constant of an interaction of the n-th vector-meson with nucleons and f Vn is the universal vector-meson coupling constant to be determined numerically from the lepton width of the n-th vector-meson (1). Now requiring the normalization of (15) at t = 0 one gets the following equation for coupling constant
Then transforming (15) into a common denominator one gets in the numerator polynomial of t n−1 degree. In order to achieve the required asymptotic behavior of F (t) one has to put some coefficients in the polynomial of the numerator , starting from the highest degree t n−1 , to be zero, and one comes to another m − 1 equations
for n-coupling constant ratios. As a result a solution of the system of equations (16), (17) will lead m coupling constant ratios to be given through the table masses of vector mesons and all additional couplig constant ratios (f m+1 NN/f m+1 ), ..., (f n NN/f n ), which will be considered to be free parameters of the model.
The general solution of the system of eqs. (16), (17) for n > m leads [49] to the FF to be saturated by n-vector-meson resonances in the form suitable for the unitarization
for which the required asymptotic behavior F (t) t→∞ ∼ 1/t m and for t = 0 the normalization
Now these general results will be applied to the flavor-independent iso-scalar and isovector parts of the Dirac and Pauli nucleon FFs
by means of which all required properties of the nucleon U&A electromagnetic structure model like
• experimental fact of a creation of unstable vector-meson resonances in e + e − annihilation processes into hadrons
• the analytic properties
• the reality conditions
• the unitarity conditions
• normalizations
• asymptotic behaviors are achieved.
However, before the latter we have to specify normalizations and asymptotic behaviors of flavor-independent iso-scalar and iso-vector parts of the Dirac and Pauli nucleon FFs.
The nucleon EM FFs are normalized as follows
with µ p and µ n to be proton and neutron magnetic moments, respectively.
The asymptotic behaviors of nucleon EM FFs are
Then from (14) one obtains the normalizations of iso-scalar and iso-vector parts of the Dirac and Pauli nucleon FFs
and their asymptotic behaviors are
If we apply (18) to F N 1s (t) with m = 2 and n = ω
to F N 1v (t) with m = 2 and n = ρ ′′ , ρ ′ , ρ one obtains
to F N 2s (t) with m = 3 and n = ω ′′ , φ ′′ , ω ′ , φ ′ , ω, φ one obtains
Application of (19) to F N 2v (t) with m = 3 and n = ρ ′′ , ρ ′ , ρ leads to
The expressions (24)- (27) are automatically normalized and they govern the asymptotic behaviors as predicted by the quark model of hadrons.
An unitarization of the model, i.e. an incorporation of the correct analytic properties of the nucleon EM FFs, is achieved by the non-linear transformations
respectively and a subsequent inclusion of the nonzero values of vector-meson widths.
In
and similarly for W (t), U(t), and X(t), which map the corresponding four-sheeted Riemann surfaces always into one V −, W −, U−, X− plane.
Practically let us demonstrate the unitarization on the case of the Dirac iso-scalar FF (24) . The non-linear transformation t = t 
in (24) is factorized into asymptotic term and on the so-called finite-energy term (for | t |→ ∞ it turns out to be a real constant) giving a resonant behavior around t = m 2 r . One can prove
which lead in the case 1. to the expression (31) and in the case 2. to the following expression
Lastly, introducing the non-zero width of the resonance by a substitution
i.e. simply one has to rid of "0" in sub-indices of the previous two expressions, one gets:
in the 1. case
and in the 2. case
Then for every iso-scalar and iso-vector Dirac and Pauli FF one obtains just one analytic and smooth from −∞ to +∞ function in the forms
φN N /f φ ) dependent on 5 free physically interpretable parameters,
dependent on 2 free physically interpretable parameters (f (1) ρN N /f ρ ) and t
dependent on 1 free physically interpretable parameter t 2v in , where
, r = ω, φ
. since in a fitting procedure of all existing data by means of this version of the U&A nucleon EM structure model simultaneously one finds
(m
IV. RESULTS OF THE ANALYSIS OF EXISTING NUCLEON EM FF DATA
We have collected 534 reliable experimental points on the nucleon EM structure from more than 40 independent experiments as they are represented graphically in Figs. 1-11.
They have been analysed simultaneously by means of the 9 resonance U&A model of the nucleon EM structure as formulated in the previous Section. The minimum of the χ 2 =2 214 has been achieved with the values of 12 free parameters of the model with a clear physical meaning as they are presented in Table 1 ., Table 1 . The numerical values of the free parameters of the nucleon U&A EM structure model, respecting SU(3) symmetry, formulated in the previous section Table 1 . is graphically shown in Figs. 12-19 .
Of course one could not expect that a description of such gigantic set of data to be obtained from so much independent experiments, every of them to be charged with corresponding statistical and systematical errors, will be consistent with rules of a standard statistics. We have been able to reduce the total χ 2 on 522 degrees of freedom only to the value 4.24.
The results of the analysis can be summarized as follows:
• a perfect description (see Fig. 12 ) of the most reliable nucleon EM structure data,
i.e. the data on the ratio
in the space-like region to be obtained in polarization experiments, is achieved.
• description of all other existing data (see Figs. 13-19 ) is quite reasonable too, besides an inconsistency of the data on neutron EM FFs in the time-like region with all other data on nucleon EM FFs, indicating that the total-cross section of e + e − → nn is considerably larger than it has been found in FENICE experiment [28] in Frascati.
So, we are coming to the same conclusions as it was pointed out by one of the the authors in papers [50] , [51] published more than 25 years ago.
• again the existence of the zero of the proton electric FF G p E (t) approximately at t z = −13 GeV 2 is confirmed, which has been predicted in the paper [52] for the first time.
• electric and magnetic mean square charge radii of the nucleons are determined to be < r • electric mean square charge radius of the neutron is found to be almost identical with the value given by Rev. of Part. Physics [8] .
In Figs From the SU(3) invariant Lagrangian of the first excited vector-meson nonet ρ
another two systems of expressions 
are obtained, where angle θ ′ = 50.3 0 and it is again given by the Gell-Mann-Okubo quadratic mass formula 
For (51) and (52) it is straightforward to determine them from the numerical values in Table 1 ., besides (f (2) ρN N /f ρ ) which is calculated by means of the relation (f
and the values f ρ = 4.9582, f ω = 17.0620, f φ = −13.4428 to be calculated from existing data following (see [55] ) from the quark structure of the corresponding vector mesons and the electric charges of the three constituent quarks from which these vector mesons are compound.
Having numerical values of f ρ ′ , f ω ′ , f φ ′ and calculating missing in Table 1 . coupling constant ratios for excited vector mesons by the relations (f Now, by a solution of the systems of algebraic equations (51), (52), (55) and (56) according to three unknown constants f F , f D , f S one comes to the following expressions
φN N cos θ − f (1) ωN N sin θ + f parts, phase differences of electric and magnetic FFs and corresponding differential and total cross-sections, in which EM structure of hyperons is planned to be measured. Predictions on all above mentioned quantities will be given in the next paper which will be published elsewhere.
VI. CONCLUSIONS
All existing 11 sets of data on nucleon EM FFs in space-like and time-like region from more than 40 different experiments has been analysed, from which 534 reliable experimental points are here reasonably described by 9 resonance U&A model of nucleon EM structure, which respects the SU(3) symmetry and OZI rule violation. The analysis revealed the following results:
• an existence of the zero of G Ep (t) around t z = 13 GeV 2 is again confirmed
• the value of the proton charge rms radius coincides with the value obtained in the muon hydrogen atom spectroscopy experiment and in this way the existing puzzle is definitively removed
• the value of the neutron charge mean squared radius is identical with the value given by Rev. of Part. Physics
• the coupling constants in the SU (3) 
